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Niemeyer: Inventory Control

An Orientation Article—

INVENTORY
CONTROL
Its basic objective is to establish and maintain ade
quate stocks at minimum cost. This article summar
some of the major techniques that can
used,
including economic order quantity, A-B-C classifica
tion, and
application of control limits.
by Robert D. Niemeyer
Haskins & Sells

control is concerned
with establishing and maintain
ing desired inventory levels. In
keeping with this concept, the in
ventory control techniques that will
be discussed are directed toward

unit control of inventory rather than
the closely related function of ac
counting for inventory dollars.
Broadly stated, the basic objective
of inventory control is to establish
and maintain an adequate inventory
level at a minimum inventory cost.
Achievement of this objective re
quires solution to two basic prob
lems:
nventory

I

Determination of desired inven
tory levels, weighing inventory costs
against such inventory benefits as:
• Improved customer service that
may result in increased sales
• Smoother production operations
yielding lower production costs
Minimization of total inventory
costs for a given inventory level, giv

ing consideration to the interaction
between:

• Acquisition costs
• Holding costs

An approach to the solution
these basic inventory control prob
lems will be discussed in the follow
ing sequence;
• Methods of control
• Inventory costs
• Determination of expected inven
tory usage
• Other refinements
There are two primary factors
that must be considered in the con
trol of inventories:

• How much of an item is replen
ished at a time
• When the item is replenished
These two factors control inven
tory levels, and through these fac
tors, total inventory costs can be
minimized for any given inventory
level.

When: Charts 1 and 2 demonstrate
that “how much” is a definite factor
in determining inventory levels.
Now consider the “when” factor. On
these charts, the “when” factor was
controlled so that a replenishment
was received when the on-hand bal
ance reached zero. However, some
25

Published by eGrove, 1964


How Much: In discussing this fac
tor, we should first look at the basic
saw-tooth inventory pattern to visu
alize the effect of replenishment
quantities on inventory levels. This
basic pattern is depicted in Charts
1 and 2 (page 27).
In these charts we have assumed
that the “when” factor is controlled
so that a replenishment is received
when on-hand balance has reached
zero. From Chart 1 we can also
easily see that the average inventory
is 100 and that this amount is also
equal to one-half of the replenish
ment quantity. If we increase the
order quantity to 300 units, we in
crease the average inventory to 150
units as shown on Chart 2.



be
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quency with which an item must
replenishment lead time is normally
(see Chart 5, page 29). In this illus
be
reordered. Therefore, the replen
involved and this factor must be
tration, we have assumed a desirable
ishment
quantity also affects order
known in solving the “when” prob
safety stock of 100 units and have
or
acquisition
costs, and economic
lem. Assuming a lead time of one
accordingly increased the reorder
order
quantity
formulas consider
month, we find that on our first
point from 100 to 200 units. Under
both
holding
and
acquisition cost
chart the items must be ordered at
these conditions the average inven
factors
in
arriving
at
the best bal
the end of the first month so that re
tory becomes 200 units. It can also
anced
or
least-cost
order
quantity.
plenishment will arrive when onbe seen that this average inventory
This relationship between the two
hand balance reaches zero. This or
is composed of two elements:
individual cost lines and the total
der point could also be expressed in
• One-half of replenishment quan
cost line is shown graphically on
terms of on-hand balance as 100
tity
Chart 6 (page 30). It can be seen
units, this quantity representing ex
• Safety stock
that the minimum total cost occurs
pected usage during the lead-time
at the same order quantity at which
We have now determined a for
period. So we see that lead time and
the two individual lines meet. A
mula for development of average in
expected usage are both required
basic economic order quantity for
ventory under an order-point sys
for determining a reorder point ex
mula can be developed from the
tem:
pressed in terms of on-hand balance.
relationships as charted.
However, we have not yet consid
Average inventory = (1/2 order quantity)
ered just how the “when” factor in
+ (safety stock)
Let—
fluences inventory levels. When we
Q = Economic order quantity
dollars
do this, we find that the basic saw
A = Annual usage in dollars
This same formula holds approxi
tooth pattern with usage and other
C = Cost of an order in dollars
mately true under our practical in
= Inventory carrying cost,
a decimal
variations would appear
shown
ventory problem previously charted.
Then—
on Charts and 4 (page 28).
CA
Safety stock tends to be on the aver
In Chart 3 the basic inventory
order cost lino =
, and
age a constant amount, while work
Q
pattern is disrupted by two factors
ing stocks are composed of replen
IQ
found in practical inventory situa
The carrying cost line =
ishment quantities, the average of
tions:
which is approximately one-half of
When these two are equated we have
• Usage variations
the established replenishment quan
CA
IQ
tity.
• Lead-time variations
Q
2
Before discussing these principles
AND
As this chart indicates, these fac
of basic inventory control further,
2 CA
tors cause stock-outs when inven
Q =
let us summarize the points that
tories are controlled under the
I
have been covered:
premise that a replenishment will
be received when on-hand balance
• Replenishment quantity directly
By additional mathematics we
reaches zero.
affects average inventory levels.
can also express order quantity in
To provide for these inherent
• When to replenish stock can be
units as follows:
variations, an additional amount of
expressed in terms of on-hand
Q (units) =
2 x C x (annual usage units)
stock must be carried. This addi
units as reorder point.
tional quantity or safety stock thus
• Reorder point = expected usage
1 x (unit cost)
makes our practical inventory chart
during the lead-time period plus
For example, if we assume that we
appear as it does in Chart 4.
safety stock.
annually use 100 units of an item
This protection is built into our
• Average inventory = (½ replen
that
costs $4.00 a unit and that we
inventory balance by the “when”
ishment quantity) + (safety
have
an order cost of $10.00 and an
factor. Under an order-point system
stock).
inventory
carrying cost of 20 per
the protection is primarily needed
These basic rules lead normally
cent, our formula becomes:
during the replenishment (leadthen to the question of determin
time) period and is obtained by
ing replenishment and safety-stock
Units to Order =
2 x 10 x 100
adding the protection required to
quantities since these two factors
= 50
the reorder point expressed in terms
.20 x 4
determine average inventory levels.
of on-hand balance. The formula
for the reorder point then becomes:
Replenishment Quantities: Since
Determination of the inventory car
replenishment
(
order
)
quantities
rying
and order or acquisition costs
R.O.P. = (Expected usage during the leadaffect average inventory levels, they
required for application of this basic
time period) + (safety stock)
affect the costs associated with
formula will be covered in a later
This action can probably best be
having inventory (holding or carry
portion of this discussion.
shown with these new factors super
ing costs). The size of replenish
This basic formula, developed in
imposed on our first basic chart
ment quantity
affects the fre
the early part of this century, is in

26
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2

fairly widespread use in solving to
day’s problems of inventory control.
There are, however, several points
that should be made regarding use
of this formula.
As we shall discuss a little later,
some the costs required for appli
cation of the formula are somewhat
difficult to determine precisely. It
should be remembered, however,
that all factors influencing the
answer are under a square-root sign,
which allows some latitude in the
determination of these costs and acts
as a sort
“forgiveness factor.” In
addition, while carrying or acquisi
tion costs may be approximated and
the resulting equating of the two not
completely precise, the answer
should be considerably better than
an out and out guess or an intuitive
approach.
Another limiting factor possibly
to be found the use the formula
is that when constant carrying and
acquisition costs are used across a
wide range of inventory items, the
answers become somewhat imprac
tical at the extreme ends
the
range. That is, use of the formula
may indicate that an unworkably
large amount should be ordered for
a low-cost item, or that too frequent
orders should be placed for a highcost item. These difficulties can be
overcome by actually recognizing
the variations in costs for various
types
items
in a more practi
cal way, by limiting the answers at
each end of the range.
It can also be pointed out that
this basic EOQ formula does not
consider all variables in the prob
lem, an obvious example being that
quantity discounts are notexdirectly
recognized. If quantity discounts are
a significant factor, the difficulty
may be overcome by a simple one
time computation that can be used
in determining alternate order quan
tities from those developed by the
formula.
This is done by calculating the
additional cost incurred for vari
ous increased order quantities and
charting these with order quantities
down the side, unit cost across the
top, and additional cost in the ap
propriate
Thus the saving by
quantity discount can be compared
Published by eGrove, 1964
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Basic Saw-Tooth Inventory Pattern

Usage 100/month
Replenishment Qty. 200

Chart I

Usage 100/month
Replenishment Qty. 300

Chart 2

These charts illustrate the effect of replenishment quantities on inventory levels.
Stock is replenished in quantities of 200 (Chart I) and 300 (Chart 2).

directly with the additional cost in
curred because
the larger size of
the order, and an intelligent deci
sion can be made accordingly.
Another factor that must be con
sidered in using the formula is that
the computation for each order is
somewhat complicated. Probably
one
the reasons for the consider
ably extended use of this formula in
recent years is the availability of
electronic data processing equip
ment. Such equipment has made it
relatively easy to compute EOQ
amounts at the time of each reorder.
There are, however, other methods
of applying this basic formula. One
practical way is to develop a table
of EOQ amounts based on various
ranges of annual dollar usage. While

not completely precise at the
tremes of each range, this method
is preferable to more arbitrary de
termination of order quantities. An
other method of applying the formu
la is through the use of a nomo
graph. An EOQ nomograph is a
sort of poor man’s slide rule and
utilizes three equidistant parallel
lines with logarithmic scales. The
simplest form uses one column for
monthly usage in units, the middle
scale for order quantity, and the
other scale for unit cost. By connect
ing the appropriate monthly usage
with the proper unit cost, the line
crosses the middle scale at the
economic order quantity. Once a
nomograph has been prepared, it
can be published in various for27
3
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Practical Inventory Pattern

Without Safety Stock



Chart 3

With Safety Stock

Chart 4
Variations in usage and lead time may cause stock-outs (Chart 3) unless
a higher inventory level is maintained (Chart 4) to provide safety stock.

There is probably no widely ac
cepted formula for safety-stock com
putations as there is for determin
economic order quantities. Most
approaches do, however, attempt
Safety-Stock Quantities: It has been
demonstrated that safety-stock quan
to provide safety stock that will
cover reasonable maximum usage
tities directly affect average inven
during the lead-time period. Let’s
tory holdings. It would then follow
take a look at some of the ways this
that safety-stock levels directly
somewhat arbitrary amount may be
affect inventory holding or carrying
determined.
costs. Since safety stock is carried
One method is tied in with several
to provide protection against stock
other
inventory refinements, which
outs, the determination of safetywill
be
discussed later. The key
stock quantities requires the bal
ancing of holding costs against out
point
this method is a definition
of the maximum amount
usage
age costs (as differentiated from
EOQ considerations where we were
fluctuations (expressed as a percent
balancing holding costs against ac
age ) for which protection would be
quisition costs). As we shall discuss
provided. Items for which usage
further under the cost portion this
fluctuations are greater than or
presentation, the cost of an outage
equal to the maximum considered
is somewhat difficult, if not impos
are given maximum protection.
sible, to determine precisely. Most
Those for which usage fluctuations
approaches to the development
are not equal to the maximum are
safety-stock quantities take this fact
protected for historical actual
into consideration.
amounts. Under this method, more
https://egrove.olemiss.edu/mgmtservices/vol1/iss3/6
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mats and can even be printed on
the back of the requisition form for
ready reference.

consistent use items are given pro
portionately less safety stock than
those with more erratic use patterns.
Another approach—one which re
quires substantial data and com
puting facilities—to handle safety
stock computations takes into con
sideration that most inventory usage
patterns follow some standard sta
tistical distribution. On this basis,
percentage of outage based on stan
dard statistical factors can be deter
mined. Then, by computing holding
costs for various levels of inventory,
a chart can be prepared showing
cost for various percentages of in
ventory coverage. Such a chart can
be helpful to management
deter
mining just how far it is willing
go in providing inventory protec
tion.
Other safety-stock formulas take
into consideration such refinements
as the average size of requisition
quantities. The formula used by one
of the major airlines combines this
feature with the statistical approach
mentioned above.
In summary, it should be empha
sized that considerable judgment
enters into safety-stock computa
tions, and that the answer should
be designed and tempered to
the situation. The definition that
safety stock should provide protec
tion for reasonable maximum usage
during the lead-time period is a
good guide. It remains then to apply
some judgment to determine what
is reasonable in any given situation.
We have now covered some basic
methods
inventory control based
on the fixed order quantity ap
proach. Included in these techniques
were consideration of certain costs
and a requirement for an estimate
of future usage. These two items:
• Costs
• Estimate of future usage
will be discussed next
Inventory costs

Major categories of inventory
costs are:
• Acquisition costs
• Holding costs
• Outage costs
In discussing these costs it is

4
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probably best first to define each
item
cost and then to consider
some practical means of quantify
ing these various items.

Saw-Tooth Inventory Pattern

Acquisition Costs: Costs related
acquisition of purchased items
would include the following cate
gories
expense:
• Requisitioning
• Purchase order (including expe
diting )
• Trucking
• Receiving
• Placing
storage
• Accounting and auditing:
Inventory
Disbursements

Acquisition costs pertaining to
company-manufactured pieces in
clude several of the above men
tioned items, but also comprehend
some different categories, notably
set-up costs rather than purchase
order
A complete list manu
factured-item acquisition costs could
include:
•
•
•
•
•

Requisitioning
Set-up
Receiving
Placing in storage
Accounting and auditing:
Inventory
Product costs

In considering just how much
any these costs should be applied
to inventory-control decisions, we
again must use some rule of thumb
or arbitrary methods. To begin with,
records frequently are not kept in
such a way that the above men
tioned categories
cost are readily
accessible. Very often determination
of these costs must be made by
special study. Then we have the
problem of deciding what degree
of variability should be used when
these costs are applied in the EOQ
formula. (This is the only computa
tion reviewed in this presentation
where acquisition costs are used.)
Welch, in his book Scientific Inven
tory Control, suggests that the effect
of a 25 per cent change in order
rate should be used as a basis for
determining acquisition costs. This
is a reasonably good approach be
cause some of these costs do not

1- 1-

of

This chart shows what happens to average inventory if the reorder
point is calculated with allowance for both expected usage during
lead-time period and safety stock.

increase in a straight line, but rather
in a stair-step pattern. This 25 per
cent rule tends to give some weight
to the latter condition. In any event,
all acquisition costs should not be
used
the standard EOQ formula,
but the variable portion determined
on some reasonable basis should be
applied.

Holding or Carrying Costs: Holding
or carrying costs to be considered
in the solution of inventory control
problems would include the follow
ing items:
•
•
•
•
•

Interest
Insurance
Taxes
Storage
Obsolescence

In arriving at these costs for in
ventory control solutions it is prob
ably best to consider only those
items meeting the following two
tests:
• Out-of-pocket expenditures
• Forgone opportunities for profit

An example of the application of
these tests would be the considera
tion of warehouse space costs only
to the extent that additional facili
ties would need to be acquired or

that unused space could be rented
for profit. These rules would also
indicate that interest would be con
sidered from the standpoint of for
gone profit opportunity when
ent capital existed
the business
that money need not be borrowed
finance inventories.
Again, as with acquisition costs,
holding costs are somewhat difficult
to determine precisely because the
usual records do not easily identify
them. In addition, problems exist
with the application
the abovementioned rules or tests. As a guide
to reasonableness of holding costs
that may be computed, the follow
ing table of representative cost
ranges is offered:
Item
Interest
Insurance
Taxes
Storage
Obsolescence

Approximate
Range
4-10%
3
3
0- 3
4-16

Total

10-35%

This table is a composite taken
from various references and tem
pered with personal experience. Ob
viously, any extreme situation may
fall outside the ranges shown, but
the table should be representative of
the majority of situations.
295
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• Exponential smoothing of past
demand
• Tying past demand
a more
reliable forecast
• Relationship with other forecast
items

Chart 6

The economic order quantity formula is based on the relationship between
holding and acquisition costs. Total cost is lowest where the lines cross.

Outage Costs: This category of costs
is mentioned primarily because it
exists, and not because definitive
rules can be set forth for computing
outage costs. It was noted earlier
that outages result in:
• Decreased customer service level,
which may result in decreased
sales
• Less efficient production opera
tions
• High costs resulting from “crash”
procurements

approximate and arbitrary in nature
does not necessarily mean, however,
that their significance should be ig
nored. As was seen in the computa
tion of safety stocks (where these
costs apply), knowledge of the cost
of alternatives enables the applica
tion enlightened judgment to pro
duce satisfactory answers to the
problem of just how great an outage
rate is acceptable.
Determination of expected usage

All replenishment of inventory re
It is probably obvious that out
quires some sort of forecast for de
ages affect the items named above;
termining expected usage. This fore
the unanswered question in most
cast can take various forms, includ
cases is “how much?” Unless some
ing:
very direct relationships exist, the
cost of an outage is difficult to quan
• Hunches
tify.
• Visual review of past history
The fact that answers to the de
• Computation of average demand
termination of outage costs are
over a past period
https://egrove.olemiss.edu/mgmtservices/vol1/iss3/6
30
 
 to
 

This is obviously only a partial
list, but it can serve as a basis for
discussing forecasting methods as
they relate to inventory control situ
ations.
The first two of these categories
have been included not because
their advantages but because of
their widespread use. Whenever
human judgment is the primary
ingredient in inventory usage fore
casts, the resulting answers tend
show the influence
overcompen
sation for the current situation. For
example, when usage temporarily
increases, much greater quantities
are ordered. When usage then seeks
its normal trend and declines, a
large overstock results. Human re
action to temporary decreases in
usage, on the other hand, often
results in stock-outs.
The point of this discussion is that
an answer arrived at in a methodi
cal, consistent fashion is usually
much more reliable over a period
of time than an answer obtained by
hunch. In fact, in a particular ap
plication
some of these inventory
control principles, a good portion
of the benefit was obtained by re
placing a usage forecast based main
ly on human judgment by one based
on principles consistently applied to
past usage.
In direct computation of usage
forecasts, either the averaging of
past demand for a selected period of
time or the exponential smoothing
of past demand provides an accep
table method. The characteristics of
the inventory in question and the
facilities available for making the
computation should influence the
decision as to which method to use.
Exponential smoothing gives great
er weight to more recent periods and
has the advantage of not requiring
detailed usage history for each in
ventory item.
In certain production situations
the last two forecasting methods
outlined above can be used to ad-

6
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vantage. The use of other forecasts
can probably best be illustrated by
a method that utilizes the explosion
of a finished item into its component
and piece parts. The demand for
the finished item is forecast directly
and the component and piece parts
then become a logical extension of
that forecast.

Distribution of Inventory Usage Values

Other refinements

Two inventory control concepts
that have been used successfully
and have fairly broad application
should also be covered
a general
discussion inventory control prin
ciples. These two are:
• A-B-C approach
• Use of control limits

to

A-B-C Approach: This concept is
based on the premise that in most
inventories approximately 10 per
cent
the items account for about
85 per cent of the annual dollar
usage. At the other extreme, about
75 per cent of the items account for
only about 5 per cent
the annual
dollar usage. Recognition of this
situation and division of the inven
tory into three groups (A, B, and
C) based on annual dollar usage,
has commonly been called the A-Bmethod.
These relationships appear to
exist in virtually all inventories, and
because of this, and the advantages
of being able to place emphasis on
the important items, this approach
has begun to be used somewhat
more extensively in recent years. In
addition to being able to concentrate
attention on the items that make
the big difference in inventory re
sults, this method
enables sever
al different methods of control to
be applied to the same inventory.
alternative to this approach is
the use of the same method, but
varying decision rules for each
group.
In order to utilize this concept it
is first necessary to analyze the in
ventory to determine the approxi
mate distribution of items so that
ranges for each of the A-B-C cate
gories can be set. Chart 7 (above)
shows the distribution of inven-
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The fact that in all inventories a few items account for most of the
dollar usage makes it possible to concentrate the control effort
where it is most needed. This is the A-B-C approach.

tory usage values based on an actual
inventory study. In this particular
case, A items were determined to
be those with annual usage exceed
ing $1,000, B items to include those
with annual usage of from $100 to
$1,000, and items to have annual
usage of less than $100.

Use of Control Limits: This ap
proach, based on statistical quality
control concepts, emphasizes the
management by exception tech
nique. The key assumption in this
approach is that there is a “normal,”
expected usage for an item and that
some deviations from this expected
usage will occur. Significant usage
deviations are determined by con
trol limits, and only upon such
occurrences need the item be re
viewed. Otherwise, with the item
operating within limits, decision
rules can be applied mechanically
produce desired results.
This technique can also be com
bined with the A-B-C approach by
varying the degree
control for
each of the A-B-C categories. The
tighter control is obviously applied

the A items and because of the
more frequent and earlier inspec
tion of usage variances, less safety
stock is required for these items.
This then meets the requirement of
minimizing inventory balances on
the 10 per cent of the items that
account for 85 per cent of the an
nual dollar usage. Also because only
10 per cent
the items are being
more tightly controlled, effort re
quired for inventory administration
is minimized.
We have now reviewed some of
the basic principles
inventory
control. This has not been a com
plete coverage; instead, emphasis
has been placed on the order-point
approach because it probably has
the widest application in problems
inventory control and is well
accepted today. The basic principles
reviewed are just that—basic princi
ples. As always, a specific solution
must be worked out for the problem
at hand. It is hoped that the points
discussed will be helpful and can
be applied in a practical way to
the solution some of these specific
problems.
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